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ABSTRACT
￿
Myosin, tropomyosin, and actin were localized in the epithelial cells of rat intestine
by means of specific antibodies to chicken gizzard smooth muscle myosin, tropomyosin, and
actin by immunohistochemical studies at both the light and electron microscope levels
(unlabeled antibody enzyme technique). The pattern of antibody staining was the following:
(a) Anti-actin was associated with the microfilament bundles of the microvilli in their entire
length, as well as with the microfilament network in the terminal web. (b) Anti-myosin was
concentrated along the rootlets of the microvillar microfilament bundles and within the
filamentous feltwork forming the terminal web. (c) Anti-tropomyosin showed a distribution
similar to that of anti-myosin. In addition, the three antibodies also labeled the subplasmalem-
mal web underneath the cell membrane bordering on the basal lamina. Utilizing the above
ultrastructural findings, we wish to propose a functional model of microvillar contraction .
In recent years much interest has been focused on the force-
generating apparatus responsible for the motility of intestinal
epithelial brush border. This highly ordered structure proved
to be an ideal model for studying the structural basis of
nonmuscle cell motility.
By phase-contrast microscopy, epithelia of rat intestine and
of kidney tubules were shown to perform fast microvillar
movements (31, 35). Studies on isolated apical segments of
intestinal epithelium demonstrated rapid microvillar retraction
or contraction of the whole apical segments in response to
ATP, Caz+, and Mgt+ (26, 30). Biochemical analysis indicated
the presence of myosin, tropomyosin, actin, and other associ-
ated proteins in the apical cytoplasm (3, 26, 28). Recently, these
biochemical findings have been confirmed by the immunoflu-
orescent localization of myosin, tropomyosin, and actin in the
apical cytoplasm ofmouse, rat, and chicken intestinal epithelial
cells (4, 13, 14, 28).
Ultrastructurally, the microvilli of rat intestinal epithelium
contain an orderly axial bundle of actin filaments in parallel
alignment, which penetrates -0.5-1 pin into the apical cyto-
plasm to form a rootlet, which terminates abruptly (5). As
judged by heavy meromyosin binding, the actin filaments are
Tne JOURNAL Of CELL Bioro(,y " Voruti+e 86 AUGUST 1980 475-482
©The Rockefeller University Press - 0021-9525/80/08/0475/08 $1 .00
attached to the apical membrane of the microvilli with the
same polarity seen in actin filaments attached to the Z line of
striated muscle (l, 23, 27). The apical cytoplasm contains a
dense network ofactin filaments (terminal web) and individual
short myosin-like filaments, which appear to be associated with
the rootlets of the microvillar filament bundles (27, 30). On the
basis ofthese findings, it has been suggested that movement of
the entire microvillar filament bundle could be effected by
interaction of myosin with the rootlet filaments (26, 27, 30).
In the immunocytochemical study presented here, we com-
bined light and electron microscopy to obtain more detailed
information on the distribution of myosin, tropomyosin, and
actin in the brush-border region of rat intestine.
MATERIALS AND METHODS
Preparation and Specificity ofAntibodies
The antigens myosin, tropomyosin, and actin were extracted from the muscle
layer ofchicken gizzard and were purified as described elsewhere (8, 18, 19). An
additional chromatography step of myosin on hydroxyapatite (29) has recently
been added. Control antigens (myosin and tropomyosin from chicken striated
pectoral muscle) were prepared in the same manner. Antisera to the above
contractile proteins were raised in rabbits as previously described (8, 18, 19). The
475immunoglobulin fraction of the immune sera and pre-immune controls were
prepared according to Harboe and Ingild (20). SDS polyacrylamide gel electro-
phoresis (10% gels) separated such fractions into IgGheavy and light chains and
no impurities were noted.
Anti-gizzard myosin was shown to be specific for smooth muscle myosin by
immunodiffusion, ATPase inhibition test, and immunofuorescence (I8). It re-
acted also with nonmuscle myosin extracted from rat corneal epithelium (11).
Anti-gizzard actin reacted with both smooth and striated muscle actin in immu-
nodiffusion and immunofluorescence . It was shown to inhibit the actin-activated
Mgt. myosin ATPase activity (l9). Anti-gizzard tropomyosin wasshown to react
in immunodiffusion with smooth and striated muscle tropomyosin but not with
myosin (8). All three gizzard antibodies reacted in immunofluorescence alsowith
various nonmuscle cells (14, 17). Their different affinities towards 3T3 cells,
differentiated and dedifferentiated smooth muscle cells, fibroblasts, and endothe-
lial cells were used as a tool to discriminate between these cell types in tissue
culture (6-9, 17). Antibodies to striated muscle myosin and tropomyosin did not
show any reaction with the corresponding smooth muscle and nonmuscle anti-
gens, by immunodiffusion, immunofluorescence, and ATPaseinhibition tests (17,
18). and were thus used as controls.
Immunocytochemistry
Immunocytochemical staining was performed before embedding (pre-embed-
ding staining) using the unlabeled antibody enzyme technique according to
Sternberger (for review, see reference 33). All attempts to localize myosin, actin,
and tropomyosin on thin plastic sections (postembedding staining) of unfixed
(freeze-substituted) and fixed (2% formaldehyde in phosphate-buffered saline
[PBS], no osmication) tissue, using the procedures ofSilverman (32) and Booyse
et al. (2), were unsuccessful.
Young adult rats of either sex (Wistar Hannover strain) were anaesthetized
with ether, the upper half of the small intestine was removed, cut longitudinally,
and washed briefly with isotonic PBS, pH 7.2. Strips ofthis tissue were treated in
two ways: (a) Fixation with asolution containing 0.1% glutaraldehyde and 2%
paraformaldehyde in PBS (pH 7.2) for 15 min or (b) exposure ofunfixed tissue
for l-5 min to 0.05-0.1% (vol/vol) Triton X-100 (previously filtered through
Amberlite MB-1, Serva Feinbiochemica, Heidelberg, W. Germany) or to 0.05%
Nonidet P40 (Fluka A.G., Basel, Switzerland) in PBS(containing 0.2 mM Mg2.)
followed by fixation as in a. After fixation, all pieces were rinsed for 30-90 min
with PBS (three changes) and were cut with razor blades or with a vibrating
microtome (Vibratome, Oxford Laboratories, Foster City, Calif) into 100- to
500-um-thick tissue slices. To further facilitate antibody penetration into the
epithelial cytoplasm, pieces of tissue processed as described above were crushed
with forceps to obtain fragmented epithelial cells.
Tissue slices and crushed tissue were incubated at 4°C with antibodies and
sera in the following sequence: (a) Normal inactivated goat serum (Nordic
Immunological Laboratories, Tilburg, TheNetherlands, 1:5, 10 min) followed by
a 30-min wash with PBS(three changes); (b) antibodies to gizzard myosin (2 ug/
ml), tropomyosin (10 lag/ml), and actin (10 lag/ml) (14 h), followed by washes
with PBS (10 h, three to five changes); (c) goat anti-rabbit IgG (Miles Labora-
tories, Inc., Elkhart, Ind., 0.3 mg/ml, 14 h); wash with PBS (10 h, three to five
changes); (d) rabbit horseradish peroxidase anti-horseradish peroxidase (PAP)
complex (Dako Immunoglobulins, Copenhagen, Denmark, No. Z 113/087, I :
100, 14 h). All antibodies were diluted with PBS containing normal inactivated
goat serum in a concentration of 1 :50. After a final wash with PBS (6 h), tissue
slices were incubated for 5 min in 100 ml Tris-HCI buffer (0.05 M, pH 7.2)
containing 12.5 mg diaminobenzidine (Fluka) and 20 ul 30% H-202 (Perhydrol,
Merck Chemical Div., Merck &Co., Inc., Rahway, N. J.). After a final rinse with
distilled water (10 min, two changes), tissue slices were postfixed with unbuffered
2% Os0, for 30 min, dehydrated in a graded ethanol series, and embedded in
Araldite. Unstained semithin (1 um) sections were examined with the light
microscope, and thin (50-100 nm)sections (no heavy metal counterstain) were
viewed with a Philips 300 electron microscope. Some of the thin sections were
counterstained with uranyl acetate and lead citrate to allow examination of the
overall cellular ultrastructure and the distribution of filaments.
RESULTS
Effect of the Fixation Procedure and Detergent
Treatment on the Ultrastructure and on the
Immunocytochemical Staining Patterns
Fixation, detergent treatment, and the immunocytochemical
staining procedure did not alter the pattern of thin (5-8 nm)
and intermediate (10 nm) filaments in the apical part of the
intestinal epithelium. However, exposure to detergents led to
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considerable changes in the structure of the cytomembranes.
Swelling ofmitochondria and the formation ofnumerous small
and large vacuoles were noted as first signs of detergent pene-
tration. In the more progressive stages, the structure of the
microvillar plasma membrane was affected, as noted by un-
dulation of the membrane, appearance of demembranated
microvillar segments, and irregularly curved microvilli.
More severe changes of the microvillar structure, such as
fragmentation and fmal loss of the microvilli were numerous
in response to exposure to 0.1% Triton X-100, but were consid-
erably reduced or missing in tissue treated with 0.05% Triton
X-100 or Nonidet P 40.
In fixed tissue not exposed to detergents, immunoreactivity
was only seen in a few cells scattered along the surface of the
section. The number of immunoreactive cells was very much
increased by exposure of the tissue to detergents. The majority
of immunoreactive cells showed more or less pronounced
detergent-induced changes of the brush border (demembran-
ated microvillar segments and irregular curving of microvilli).
Only few of the immunoreactive cells possessed rather well-
preserved microvilli.
Control Experiments
In tissue samples treated as described above, no immuno-
staining was observed when the various control antibodies were
applied, such as anti-striated muscle myosin or tropomyosin,
pre-immune Ig, or antibody adsorbed to the homologous an-
tigen. This is documented in Fig. 1.
Light Microscopy
In 1-ttmAraldite sections oftissue slices incubated with anti-
smooth muscle myosin, specific immunoperoxidase staining
was confined to a narrow band in the apical cytoplasm located
beneath the brush border. At higher magnification, this im-
munoreactive zone was seen to be composed of intensely
stained dots and streaks separated by less reactive spacings
(Fig. 2). In addition, a thin immunoreactive band was regularly
noted at the base ofthe epithelial cell, presumably representing
the basal subplasmalemmal web (Fig. 2). Anti-actin stained
both the microvilli of the brush border and a narrow band in
the apical cytoplasm (Fig. 3), as well as the basal subplasma-
lemmal web region. The staining pattern of anti-smooth muscle
tropomyosin (Fig. 4) was similar to that of anti-myosin; i.e., a
dotted line within the terminal web region, a narrow band at





The interrupted staining pattern seen in light
microscopy corresponds to a tight packing of PAP complexes
along the rootlets of microvillar filament bundles (Figs. 5 and
6). In most preparations, the staining was too dense to distin-
guish individual PAP complexes; in less intensely stained root-
lets, however, the immunocomplexes were seen to be arranged
along the periphery ofthe filament bundles (Fig. 6, inset). The
label terminated abruptly at the base of the microvilli, and
there was no association of myosin immunoreactivity with core
filaments, neither in completely demembranated microvilli nor
in microvilliwith an ultrastructurally intact plasma membrane.
Within the terminal web, the myosin-specific label was less
densely packed.
ANTI-ACTIN: Anti-actin stained the entire microvillar fila-FIGURE 1
￿
Electron micrographs (no heavy metal counterstain) of the apex of intestinal epithelium incubated with the following
control Igs using the unlabeled antibody peroxidase method : (a) anti-striated muscle tropomyosin, (b) anti-gizzard myosin
previously absorbed with the antigen, (c) pre-immune IgG . Tissue was exposed to Triton X-100 (0.05-0.1% for 5 min) before
fixation and immunocytochemical staining procedure . No immunoperoxidase label is seen . MV, microvilli ; R, rootlet of microvillar
filament bundles ; D, spot desmosome . Bar, 0.5 ,um . (a) x 46,000; (b and c) x 37,500 .
FIGUREs 2-4
￿
Light micrographs of unstained 1-Rm-thick Araldite sections of intestinal epithelium incubated with anti-gizzard
myosin (Fig . 2), anti-actin (Fig . 3), and anti-tropomyosin (Fig . 4) before embedding (exposure to 0.1% Triton X-100 for 5 min before
fixation and immunostaining) . Bar, 10Rm . x 1,600 .
FIGURE 2 The myosin-specific label is concentrated in a small band within the apical cytoplasm below the microvilli and in a
small zone along the base of the epithelial cells (arrowheads) . Arrow points to interruptions of the apical immunoreactive zone .
FIGURE 3 Anti-actin stains microvilli as well as a narrow zone within the apical cytoplasm .
FIGURE 4
￿
The distribution of tropomyosin-specific stain is identical to that seen with anti-myosin .
ment bundles from the tip down to the rootlets, and also the
terminal web (Figs . 7-9) . There was a considerable variation
in the staining intensity of both rootlets and terminal web,
independent of the intensity observed in the microvilli of the
same preparation . These findings will be discussed below .
ANTI-TROPOMYOSIN : Anti-tropomyosin stained the rootlet
filaments and the terminal web (Figs . 10 and 11) in a pattern
similar to that described for anti-myosin . Generally, the mi-
crovillar core was devoid of PAP label when the tissue was
pretreated with 0.05% TritonX-100 (Fig. 10) or 0.05% Nonidet
P 40 (not shown) . However, when tissue had been exposed to
0.1% Triton X-100 for 5 min, the microvilli of many cells
showed a rather weak, irregular staining along their entire







Electron micrograph showing the distribution of gizzard
myosin immunoreactivity in a cell located at the cut edge of the
Vibratome section (no detergent treatment) . Immunoperoxidase
label is confined to the microvillar rootlets (appearing as dots and
streaks in this oblique section) and the terminal web (arrows) . Note
the absence of myosin label in the remaining cytoplasm . Bar, 0 .5
gm . X 10,200 .
FIGURE 6 Ultrastructural distribution of gizzard myosin-specific
immunoreactivity in the brush-border region (exposure to 0.1%
Triton X-100 for 5 min before fixation and staining) . The PAP
complexes (small arrows) are located along the rootlets (R) and in
the terminal web (TW) . Inset shows a cross-sectioned rootlet which
is surrounded by individual PAP complexes (arrows) and aggregates
of PAP complexes (asterisks) . Bar, 0.5 gm . x 45,000 . Inset : Bar, 0.1
gm . X 125,000 .
with a higher concentration ofdetergent leads to a displacement
of tropomyosin from its site in the terminal web or rootlets to
the microvilli .
Desmosomal Zone of the Apical Filament Web
The desmosomal or basal zone of the apical filament web
478
￿
THE JOURNAL Of CELL BIOLOGY - VOLUMi 86, 1980
FIGURE 7 Low-power electron micrograph of a whole intestinal
epithelial cell illustrating the distribution of actin-specific immu-
noreactivity (same tissue preparation as in Fig . 6) . Immunostaining
is confined to the microvilli (M), the apical terminal web, and the
basal subplasmalemmal web (BW), whereas the remaining cyto-
plasm including the nucleus (N) is devoid of immunoreactivity . Bar,
1 gm . X 7,500.
(5, 22) contains mainly intermediate filaments with only a few
thin filaments showing. Thus, none or very few immunocom-
plexes specific for actin, myosin, or tropomyosin were seen in
this zone .
Cytomembranes
Cytomembranes adjacent to the immunoreactive apical cy-
toplasm (membranes of vacuoles, mitochondria, and theplasma membrane) usually displayed an irregular electron-
dense staining (Figs . 6, 8-11), although the cytomembranes
were virtually devoid of attached immunocomplexes (PAP) .
This strongly indicates that the staining of the cytomembranes
is caused by a nonspecific binding ofthe lipophilic and osmio-
philic peroxidase reaction product (a phenazine polymer), orig-
inating from adjacent filament-bound PAP complexes.
Basal Subplasmalemmal Web
A delicate network of thin filaments (4-8 nm in diameter)
FIGURE 8 Anti-actin label is concentrated along the core of the
microvilli and their rootlets . The dotlike PAP complexes are clearly
visible . In this preparation (0.05% Nonidet P 40 before fixation and
staining), the terminal web (TW) is only weakly labeled . Bar, 0.5
pm . X 37,000 .
was seen in the basal cytoplasm of the intestinal epithelium . It
was located underneath the basal plasmalemma and was oc-
casionally intermingled with some intermediate filaments (Figs .
12 and 13) . This web of thin filaments was clearly distinguish-
able from the intermediate filament bundles traversing the
basal cytoplasm or running parallel to the plasmalemma . In
the basal cytoplasm, the antibodies to contractile proteins were
mainly associated with this subplasmalemmal web (Figs . 7 and
14, see also Fig. 2), but not with the intermediate filament
bundles .
DISCUSSION
The microfilament organization in the brush border of intes-
tinal epithelial cells has previously been characterized by im-
munofluorescence microscopy using antibodies to various con-
tractile proteins (4, 13, 28) . The limited resolution of light
microscopy, however, demanded the use ofthe electron micro-
FIGURE 9 Portion of the apical cytoplasm illustrating the actin-
specific label within the terminal web (same processing as in Fig . 8) .
Arrows point to PAP complexes, some of which exhibit a ringlike
substructure. Bar, 0.5 ftm . X 46,000.
FIGURE 10
￿
Distribution of gizzard tropomyosin immunoperoxidase label . The immunocytochemical staining pattern is similar to
that obtained with anti-gizzard myosin (labeling of rootlets and the terminal web) . Tissue was exposed to 0.05% Triton X-100
before fixation and staining . Bar, 0.5lxm . X 46,000.
FIGURE 11
￿
Irregular anti-tropomyosin staining of microvilli in demembranated brush border exposed to 0.1% Triton X-100 for 5







Basis of intestinal epithelium incubated with pre-immune Ig (B, basal lamina) . Asterisks indicate thesubplasmalemmal
layer of interwoven thin filaments measuring 4-8 nm in diameter. Small arrows point to cross-sectional profiles of individual thin
filaments ; larger arrows point to bundles of intermediate filaments (8-10 nm) . Uranyl-acetate and lead citrate counterstain . Bar, 0 .2
gm . x 83,000 .
FIGURE 13
￿
Oblique section of the basis of intestinal epithelium incubated with pre-immune Ig (B, basal lamina) . The subplas-
malemmal web of thin filaments extends into a tangentially sectioned basal process (B, basal lamina) . Arrows point to individual
intermediate filaments projecting into the subplasmalemmal web . Uranyl acetate and lead citrate counterstain . Bar, 0 .2 gm . x
83,000 .
scope in conjunction with highly specific antibodies. This
technique requires considerable compromises in the handling
of the tissue to be examined, in order to guarantee both optimal
penetration of antibody and maximum preservation of the
antigenic structure .
In the study presented here, the unlabeled antibody enzyme
method was chosen as the most satisfactory technique . Only
immunological bonds were used here to attach the detector
molecule (horseradish peroxidase) to the antigenic site in the
tissue section . Covalent labeling of the antibodies, which may
significantly impair their specificity, is thus avoided (for review,
see reference 33) . In addition, the PAP method exceeds the
labeled antibody techniques in sensitivity by several orders of
magnitude (34) . Lastly, the cyclic structure of the PAPcomplex
confers high stability to the detector molecule and allows the
direct visualization of the 20- to 30-nm diameter rings or dots
in the electron microscope . These characteristic structures are
easily distinguishable from the nonspecific electron-dense per-
oxidase reaction products often deposited near the site of
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reaction ; and they were never observed when the first incuba-
tion step was performed with Ig fractions derived from pre-
immune sera, from specific antibodies exhaustively absorbed
to the homologous antigen, or from heterologous non-cross-
reacting antibodies (e.g . anti-striated muscle myosin and tro-
pomyosin) . With the specific antibodies' to smooth muscle
myosin, actin, and tropomyosin the immunoreactivity was
consistently confined to the apical and basal cytoplasm, irre-
spective whether tissue sections or fragmented epithelial cells
were used, and the patterns closely resembled those seen in
immunofluorescence (4, 13) .
In the electron micrographs, however, we sometimes ob-
' It should be mentioned here that three different antisera to actin and
myosin have been used with identical results . Anti-myosins were
prepared to conventionally purified myosin and to hydroxyapatite
chromatographed myosin . The IgG fraction of one of the myosin
antibodies was separated by affinity chromatography with Sepharose-
6B-fixed myosin .FIGURE 14
￿
Infranuclear portion (N, nucleus) of an intestinal epi-
thelial cell incubated with anti-gizzard tropomyosin (5 min exposure
to 0.05% Triton X-100 before fixation and staining) . Note immuno-
staining of the basal subplasmalemmal web (arrows) . Bundles of
intermediate filaments (IF) are not stained . Bar, 0 .5 pin . x 46,000 .
served some irregularities in the staining pattern, such as
follows :
(a) In some cells the anti-actin stain was confined to the
microvilli and was practically absent in the terminal web (Fig .
8) . This paradox or false negative staining may be caused by
diffusional barriers . Thus, one might postulate that the inter-
microvillar plasma membrane seems to be more resistant to
detergent treatment than the microvillar plasma membrane.
(b) Displacement of antigenic sites may cause false positive
staining patterns . The occurrence of irregular anti-tropomyosin
staining along many microvilli after exposure to 0.1% Triton
X-100 (but not in sections treated with 0.05% detergent or in
untreated sections) could possibly be explained this way.
Being aware of the special problems posed by immunoelec-
tron microscopy, we nevertheless believe that our ultrastruc-
tural studies well supplement and extend the previous immu-
nocytochemical results of the localization ofmyosin, actin, and
tropomyosin in the intestinal epithelium . Actin, as expected,
was localized in the microvilli and the terminal web . Myosin
was strictly confined to the terminal web region, where indi-
vidual immunocomplexes were seen along the microvillar root-
lets, accounting for the interrupted pattern noted in light
microscopy . The similarity of the anti-tropomyosin staining
pattern to that of myosin is striking, and one is tempted to
question whether its role is solely that of a stabilizing factor in
actin filaments (24) .
On the basis of our ultrastructural immunocytochemical
observations and the data presented by others (27, 30), we wish,
at this point, to propose a model for the functional organization
of myosin, actin, and tropomyosin in the brush-border region
(Fig. 15), which resembles that of Rodewald et al. (30) . Con-
traction might possibly involve a simultaneous interaction of
small myosin aggregates with both the terminal web filaments
FIGURE 15 A model for the functional organization of myosin,
tropomyosin, and actin in the brush-border region of intestinal
epithelium . Contraction of microvilli is suggested to occur in two
simultaneous steps including : (1) actin-myosin interaction in the
terminal web (T) in order to generate tension of the interwoven
filaments between the zonula adherens (Z) ; and (2) interaction of
myosin with rootlet filaments (R) and the tightened terminal web
filaments . Tension of the terminal web filaments, which are assumed
to serve as anchoring system for the myosin units, must be strong
enough to overcome the rigidity of the microvillar membrane to
which the core filaments (C) are attached (A) . The polarity of actin
filaments (1, 23, 27) is indicated by arrowheads . D, desmosome .
and the rootlet filaments . The microfilaments of the terminal
web might serve as an anchoring system for the myosin units,
preventing them from sliding up the rootlet filaments . The
terminal microfilament web, in turn, is thought to be restrained
from moving towards the cell surface by loops of intermediate
filament bundles attached to the spot desmosomes (5, 22) .
Further stability might be conferred to the terminal web by
interconnections of the thin filaments with a-actinin. This
protein, which is known to be present in the Z lines of skeletal
muscle, has recently been shown by immunofluorescent and
immunoferritin labeling to be scattered throughout the termi-
nal web (l0, 16). Cross links between a-actinin and the terminal
web filaments would permit changes in filament polarity and
this might provide a feltwork of interconnected actin filaments
with changing polarity .
An isometric tension arising within the terminal web might
be strong enough to overcome the rigidity of the microvillar
membrane (to which the core filaments are attached), and
movement of the microvilli would follow . In the model pre-
sented by us, the terminal web attached to the intercellular
junctions represents thepunctumfixum, and thepunctum mobile
is represented by the microvillar filament-membrane complex .
This hypothetical contractile mechanism might also explain
the ATP-induced microvillar retraction observed in isolated
completely demembranated brush-border regions (26) : the ter-
minal web, detached from the junctional membrane, might
shrink during contraction until it becomes attached to its most
adjacent row of microvillar rootlets, which will then serve as a
secondary or auxiliary punctum fixum for the detached web;
the rigidity of which might then be strong enough to allow
microvillar sliding . The centripetal force generated in the ter-
minal web would cause the rootlets to approach each other and
the tips of the microvilli to spread . As a matter of fact, this is
exactly the picture that is regularly seen in the isolated con-
tracted brush border (26, 30) . This contraction and spreading
of microvilli is less readily explained by the interaction of





481suggested by Mooseker and Tilney (27). Their model would
require an additional restraining system (i.e., the terminal web)
to prevent myosin units from moving upward during contrac-
tion. Moreover, one has to postulate ahigh cytoplasmic viscos-
ity to explainwhy thedemembranated microvilli arenot pulled
together (instead of moving down) during the interaction of
splayed rootlet filaments.
One should not forget,however, that alltheproposed models
for microvillar contraction are highly speculative, as the actual
movements of the microvilli in vivo are still unknown to us. In
addition, it should be kept in mind, that thecontractile proteins
found in the brush-border region might not only serve in
microvillar contraction, but may also be involved in other
dynamic events, such as endo- or exocytosis. As it has been
recently shown, contractile proteins are also concentrated in
the terminal web region of acinar and duct cells of various
exocrine glands and in liver cells (12, 14, 15, 2l).
Contractile elements are not confined to the brush-border
region, as recently they have also been localized in the basal
cytoplasm by immunofluorescence (see figures shown in ref-
erences 4 and 13). In the study presented here, we were able to
show that antibodies to myosin, actin, and tropomyosin will
bind to a very delicate network of 4- to 8-nm filaments just
beneath the basal plasmalemma. It is oursuggestion that these
contractile elements may participate in the upward movement
of epithelial cells from their original sites in the crypt of
Lieberkiihn to the tip of the intestinal villi (25).
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